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Time adjustment method and time stamping method in t le- 
communication syst m, and telecommunication system 

Field 

The invention relates to a time adjustment method in a telecommu- 
5 nication system, a time stamping method in a telecommunication system, and 
a telecommunication system. 

Background 

In modern telecommunication systems, timing and time stamping of 
signals transmitted from a base station in a telecommunication system can be 

10 used, for example, for synchronization and positioning purposes. 

In a prior art time stamping process, the transmission time of a sig- 
nal transmitted from the base station is determined by using the time point of 
generating the signal in the base band parts of the transmitter of the base sta- 
tion, and possibly information on the delay between generating the signal in 

15 the base band parts and transmitting the signal from an antenna unit of the 
base station. The delay is caused by electric components and wires between 
the base band part and the antenna unit. 

The prior art solutions in time characterization of signals transmitted 
from the base station, however, are insufficient in accuracy to fulfil the tight- 

20 ened requirements of time characterization. The insufficiency arises from un- 
predictable nature of the electronics in radio transmitters, giving rise to unpre- 
dictable variation in the propagation time of a signal between the base band 
parts and the antenna of the base station. The insufficiency in accuracy of the 
time characterization causes, for example, inaccuracy in measuring the propa- 

25 gation time of a signal between the base station and a mobile station, giving 
rise to errors in location information of the mobile station. 

Therefore, it is desirable to consider improved tools for time stamp- 
ing and time adjustment. 

Brief description of the invention 

30 An object of the invention is to provide an improved time adjustment 

method in a telecommunication system, an improved time stamping method in 
a telecommunication system, and an improved telecommunication system. 
According to an aspect of the invention, there is provided a time stamping 
method in a telecommunication system, comprising: receiving, in a base sta- 
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tion, a time reference signal providing time reference in the telecommunication 
system; generating an idle period in the transmission of a base station; d ter- 
mining, in the base station, time characteristics of the idle period relative to the 
time reference by means of a power measurement; and providing at least a 
5 portion of data to be transmitted from the base station with time characteristics 
proportional to the time reference by using the time characteristics of the idle 
period. 

According to a second aspect of the invention, there is provided a 
time adjustment method in a telecommunication system, comprising: receiving, 

10 in a base station, a time reference signal providing time reference in the tele- 
communication system; generating a test signal in the base station; detecting 
the test signal in the base station; and providing the test signal with time char- 
acteristics proportional to the time reference based on detection of the test sig- 
nal and the time reference. 

15 According to another aspect of the invention, there is provided a 

telecommunication system comprising: a base station for providing radio 
transmission and reception for mobile stations; wherein the base station com- 
prises a time reference signal receiving unit for receiving a time reference sig- 
nal providing time reference in the telecommunication system; wherein the 

20 base station comprises an idle period generator for generating an idle period in 
the transmission of the base station; wherein the base station comprises a de- 
tecting unit operationally connected to the idle period generator and the time 
reference signal receiving unit for determining time characteristics of the idle 
period relative to the time reference by means of a power measurement; and a 

25 time stamping unit operationally connected to the detecting unit for providing at 
least a portion of data to be transmitted from the base station with the time 
characteristics proportional to the time reference by using the time characteris- 
tics of the idle period. 

Preferred embodiments of the invention are described in the de- 

30 pendent claims. 

The invention is based on carrying out a measurement on a signal 
generated in the base station, and providing the signal with time characteristics 
proportional to the time reference obtained from a satellite signal. 

The methods and system of the invention provide several advan- 

35 tages. The invention provides an accurate time characterization for a signal 
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transmitted from the base station. In an embodiment of the inv ntion, the in- 
vention enables accurate positioning of a mobile station. 

List of drawings 

In the following, the invention will be described in greater detail with 
5 reference to embodiments and the accompanying drawings, in which 

Figure 1 shows an example of a structure of a cellular telecommuni- 
cation system; 

Figure 2 shows an example of an idle period; 

Figure 3 shows an example of a data structure according to an em- 
10 bodiment of the invention; 

Figure 4 shows an example of a structure of a telecommunication 

system; 

Figure 5 is a flow diagram illustrating embodiments of the invention; 
Figure 6 shows an example of test signals according to embodi- 
15 ments of the invention; and 

Figure 7 is a second flow diagram illustrating embodiments of the 

invention. 

Description of embodiments 

A simplified structure of a telecommunication system 100 at the 

20 network element level is illustrated in Figure 1 . The radio-independent layer of 
the telecommunication system is represented by a mobile switching centre 
(MSG) 150 and a gateway mobile services switching centre (GMSC) 152 lo- 
cated between the mobile switching centre 150 and external networks 154, 
such as the public land mobile network (PLMN) or the public switched tele- 

25 phone network (PSTN). The telecommunication system 100 may also include 
packet-switched network elements, such as a serving GPRS support node 
(SGSN) and a gateway GPRS support node (GGSN) for supporting GPRS 
(General Packet Radio Service). 

The tasks the mobile services switching centre 150 performs in- 

30 elude: switching, paging, user equipment location registration, handover man- 
agement, collection of subscriber billing information, encryption parameter 
management, frequency allocation management, and echo cancellation. The 
mobile switching centre 150 contains functionalities related to mobile station 
subscription authorization and management of call-related and non-call related 

35 positioning of mobile stations. 



4 



The gateway mobile switching centre 152 is responsible for circuit- 
switched connections betw en the telecommunication system 100 and exter- 
nal networks 1 54. 

The telecommunication system 100 comprises a radio network sub- 

5 system (RNS) 102, which comprises a radio network controller (RNC) 140 and 
at least one base station 110. 

Base station is a generic name for a network element providing ra- 
dio transmission and reception for mobile stations in the telecommunication 
network area. The technique in implementing the radio interface may vary be- 

10 tween different telecommunication systems. For example, in UMTS (Universal 
Mobile Telephone System), the base station 110 is called a Node B, which util- 
izes a wideband code division multiple access technique (WCDMA) in imple- 
menting the radio interface. The structure of the exemplified telecommunica- 
tion system is described in terms of UMTS network elements, which can easily 

15 be associated with their counterparts in other telecommunication systems by a 
person skilled in the art. 

The radio network controller 140 controls the base station 110, be- 
ing responsible for the following tasks, for instance: radio resource manage- 
ment of the base station 110, inter-cell handovers, allocation of frequencies to 

20 the base station 110, management of frequency hopping sequences, meas- 
urement of time delays on the uplink, implementation of the operation and 
maintenance interface, and power control. 

The radio network controller 140 comprises a group switching field 
142 and a control unit 144. The group switching field 142 is used for switching 

25 speech and data and for connecting signalling circuits. The control unit 144 
carries out call controlling, mobility management, collection of statistics, signal- 
ling and control and management of resources. 

The base station 110 comprises a control unit 120, a base band unit 
(BB) 112, a transceiver unit (TRX) 118, and an antenna unit 122. 

30 The base band unit 112 includes a digital signal processor, ASIC 

circuits (application specific integrated circuit), routes, memory means and 
software e.g. for encoding and decoding signals, performing error correction 
functions and possibly for interleaving and de-interleaving bits. 

The transceiver unit 118 may comprise a modulator unit 117A con- 

35 nected to the base band unit 112 for performing a conversion between a base 
band frequency and a radio frequency providing the radio connection between 
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the base station 110 and a mobile station. The modulator unit 117A may com- 
prise, for example, a modulator for up-converting a base band signal into a 
radio frequency used in the downlink direction. 

The transceiver unit 118 may further comprise an amplifier unit 
5 117B connected to the modulator unit 117A for amplifying a radio frequency. 
The amplifier unit 1 17B may comprise, for example, a linear power amplifier for 
amplifying the downlink radio signal. 

The transceiver unit 118 may further comprise a filter unit 117C for providing 
desired frequency properties of the radio frequency spectrum of the radio fre- 
10 quency signal passing the transceiver 118. In an embodiment, the filter unit 
117C is a duplex filter for providing a separation between the uplink and 
downlink radio signals. 

The control unit 120 controls the transceiver unit 118 and the base 
band unit 112. 

15 The base station 110 comprises a time reference signal receiving 

unit 124 for receiving a time reference signal 128 and providing time reference 
134 in the telecommunication system. In an embodiment, the time reference 
signal receiving unit 124 is connected to an antenna 132 for time reference 
signal 128 reception. The time reference signal receiving unit 124 includes, for 

20 example, a radio receiver for receiving a radio signal carrying the time refer- 
ence 134, an analogue-to-digital converter for sampling the received signal, a 
digital signal processor for processing the digitized signal and a decoder for 
decoding the processed signal. In an embodiment, at least some of the tasks 
of the time reference signal receiving unit 124 are performed in the base sta- 

25 tion controller 120 or in the radio network controller 140. 

In an embodiment, the time reference signal 128 contains the uni- 
versal time coordinates (UTC). The universal time coordinates may be used to 
define another time scale proportional to the universal time coordinates in the 
base station 110. 

30 In an embodiment, the time reference signal 128 is transmitted from 

a satellite system distributed in geostationary orbits. Such satellite systems 
are, for example, the global positioning system (GPS) and the global naviga- 
tion satellite system (GLONASS). 

In an embodiment, the time reference signal 128 is composed of at 

35 least four components transmitted from separate satellites, and the position of 
a base station 110 and the time reference 134 are determined using the four 
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components. In an embodiment, the time reference signal is a 1 PPS (Pulse 
Per Second) signal of GPS. 

In an embodiment, the time reference signal receiving unit 124 sup- 
ports a "position hold mode" enabling utilization of less than four components 
5 of the time reference signal. The "position hold mode" is based on specific tim- 
ing software. 

In an embodiment/the time reference signal 128 is delivered to the base sta- 
tion 110 by means of electrical or optical guides, in which case the antenna 
132 is not needed. The time reference signal 128 may contain information on 

10 the global time or the internal time of the telecommunication system. In an em- 
bodiment, the time reference signal 128 is generated in a location manage- 
ment unit (LMU) or a related network element providing time reference. 

The concept of proportionality between the time characteristics of a 
signal, such as an idle period 116 or a data sequence, and the time reference 

15 128 can be understood as a relationship wherein any time point tc expressing 
time characteristics can be expressed in terms of the time reference t re f. In 
mathematical terms, the relationship can be written as 

tc = tc(t re f), (1) 

where tc(tref) is a function of the time reference W In an embodiment, the time 

20 reference 1 34 is a real-time reference. 

In an aspect, the invention provides a time stamping method in a 
telecommunication system. Time stamping is known as a service providing 
data with real-time characteristics, the time stamps for synchronisation of me- 
dia streams, or other purposes. The real-time characteristics of data include, 

25 for example, the emission time of a predefined portion of data from the an- 
tenna unit 1 22 of the base station. 

The base station 110 comprises an idle period generator 114 for 
generating an idle period 116 in the transmission of the base station 110. 

The idle period 116 generated in the idle period generator 1 14 is de- 

30 livered to the transceiver unit 118, wherein the idle period 1 16 is detected by a 
detecting unit 126. The time reference 134 is delivered to the detecting unit 
126 from the time reference signal receiving unit 124, which provides the idle 
period 116 with time characteristics 130 proportional to the time reference 134. 
The detection of the idle period 116 is based on measuring the power of the 

35 transmission of the base station 1 10, wherein the power of the idle period 116 
is weaker than the power of the transmission otherwise. 
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In an embodiment, the detecting unit 126 comprises a gauge 127 
located between the base band unit 112 and the antenna unit 122 for perform- 
ing a power measurement on the idle period 116. The detecting unit 126 also 
comprises an idle period time stamping unit not shown for providing the idle 
5 period 116 with time characteristics 130 proportional to the time reference 134 
received by the detecting unit 126 from the time reference signal receiving unit 
124. The idle period time stamping unit 146 may be implemented using a digi- 
tal processor with suitable computer programs or by using an ASIC. In an em- 
bodiment, the tasks of the detecting unit 126 requiring signal processing are 
10 implemented in the radio network controller 140 or in the control unit 120 of the 
base station 110. 

Figure 2 illustrates an idle period 200 and the time reference 202. 
The vertical axis 204A shows signal power in arbitrary units. The scale of the 
horizontal axis 204B is proportional to the time reference 202 such that any 
15 time point in the time axis 204B can be expressed in terms of the time refer- 
ence 202. The time dimensions of the idle period 200 with respect to the time 
reference 202 are exaggerated for simplicity. In reality, the time scale between 
the reception of two successive time reference signals 128 may be of the order 
of seconds whereas the time scale of an idle period 200 may be of the order of 
20 milliseconds. However, the accuracy of the time reference 202 is usually better 
than the order of 300 ns. For a PPS receiver tracking 4 satellites, an absolute 
0* : time accuracy better than 200 ns relative to the UTC is specified for a low- 

*:• dynamic situation. 

:\ # The time characteristics of the idle period 200 include, for example, 

f ° % 25 the timing of the leading edge 216, the timing of the trailing edge 218, and the 

timing of a predefined portion 210 of the idle period 200. The timing of the por- 
tions 216, 218, 210 of the idle period 200 may be a real-time of transmission, 

* - * 

for example. The timing of the leading edge 216 and the timing of the trailing 
edge 218 may be represented by time points 206, 208, respectively, when the 

• « * 

: I 30 power of the idle period 200 exceeds at least one threshold 220. Such a 

: ».* : threshold 220 may be defined, for example, in terms of a reference transmit 

I Y : power 222 and a predefined gap 212 representing difference between the ref- 

c * e • 

erence transmit power 222 and the threshold 220. The reference transmit 
*•* power 222 may be, for example, an average transmit power or a maximum 

35 transmit power. 
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In an embodiment, the idle period generator 114 shown in Figure 1 is impl - 
mented in the digital signal processor of the base band unit 112. In an em- 
bodiment, the idle period 116, 200 is generated by weighting a signal so that a 
required time mask is achieved. In an embodiment, the length 214 of the idle 

5 period is 2560 chips, and the ramps associated with the leading edge 216 and 
the trailing edge are 27 chips long. The attenuation 224 associated with the 
idle period 200 with respect to the reference transmit power 222 may vary from 
20 dB to 45 dB, for example. The large power dynamics due to attenuation 224 
and the steep edges 216, 218 of the idle period 116, 200 enable efficient de- 

10 tection and identification of the idle period 116, 200 by means of power meas- 
urement of the transmission of the base station 110. 

Supplementary information on the idle period 116, 200 is available 
in the 3GPP (3 rd Generation Partnership Project) specifications 25.214 and 
25.433, which are thereby incorporated by reference. In an embodiment, the 

15 detecting unit 126 comprises a diode gauge 127 for power measurement oper- 
ating at a radio frequency range. In an embodiment, the diode gauge 127 rec- 
ognizes an idle period 116, 200 by detecting a decrease 212 in the transmit 
power of the idle period 116, 200. When a predefined threshold 220 in power 
is measured in the detecting unit 126, the time of measurement relative to the 

20 time reference 134, 202 is determined. In an embodiment, the time of meas- 
urement is a time characteristic of the idle period 116, 200. 

At least one time characteristic 130, 206, 208, 210 of the idle period 
116, 200 is delivered to the time stamping unit 146 connected to the detecting 
unit 126. In the time stamping unit 146, at least a portion of data to be transmit- 

25 ted from the base station 110 is provided with time characteristics proportional 
to the time reference 134, 202 by using at least one time characteristic 130, 
206, 208, 21 0 of the idle period 1 1 6, 200. 

In an embodiment, time characteristics proportional to the time ref- 
erence provided for the data includes the time of emission or estimated time of 

30 emission of the data from the antenna unit 122 of the base station 110. Sup- 
plementary information related to idle periods in obtaining location information 
for mobile stations is available in 3GPP specifications 25.305 and 25.847, 
which are thereby incorporated by reference. In an embodiment, the time 
characteristics provided for th data are obtained from time characteristics 

35 130, 206, 208 210 of the idle period 116, 200 by using the scheduling informa- 
tion of the data and the idle period 116, 200. 
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In an embodiment, timing Wl of a predefined portion 210 of the idle 
period 116, 200 is determined relative to the time reference 134, 202 by means 
of the power measurement, and at least a portion of data to be transmitted 
from the base station 110 is provided with time characteristics proportional to 

5 the time reference 134, 202 by using the timing t| PD L of the predefined portion 
210 of the idle period 200. In an embodiment, the predefined portion 210 of the 
idle period 200 is defined such that the timing point t| PD L of the idle period 200 
can be obtained as an average of timing 208 and 206 of the leading edge 216 
and the trailing edge 218, respectively, of the idle period 200. In an embodi- 

10 ment, the timing t| PD L of the idle period 200 is defined in terms of a weighted 
average of the timing of the leading edge 216 and the trailing edge 218. 

In an embodiment, the detecting unit 126 comprises a plurality of 
gauges 127 for providing a plurality of power measurements on the idle period 
116, 200. In an embodiment, each measuring gauge 127 performs gauge- 

15 specific power measurements on the leading edge 216 and the trailing edge 
218 of the idle period 200, and the gauge-specific measurements" are aver- 
aged to obtain the timing t|pDi_ of the predefined portion 210 of the idle period 
200. 

In an embodiment, a predefined portion of a data stream to be 
20 transmitted from the base station 1 1 0 is provided with the time characteristics, 
and a portion of the data stream not provided time characteristics is provided 
with time characteristics by using time characteristics of the predefined portion 
of the data stream. 

In an embodiment, the time stamping unit 146 is implemented in the 
25 radio network controller 140, for example in the serving location mobile center 
(SMLC). In an embodiment, the time stamping unit 146 is implemented in the 
radio network controller 140 by using a software application. 

An example of a data structure to be transmitted from the base sta- 
tion 110 is shown in Figure 3. A frame 300 and a time reference 340 with re- 
30 spect to time axis 302 are shown. The frame is divided into sub-units 304, 306, 
308, 310, 312, 314, 316, and 318 with time characteristics 324, 326, 328, 330, 
332, 334, 336, and 338, respectively. In an embodiment, the sub-units from 
304 to 318 of the frame are time slots with equal duration. The sub-units from 
304 to 318 include at least a portion of data provided with the time characteris- 
35 tics. The sub-units 306, 316 including idle periods 116, 200 are also shown. In 
this context, these sub-units are called idle periods with reference numerals 
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306 and 316. The time characteristics of the idle periods 306 and 316 are iden- 
tified with reference numerals 326 and 336, respectively. 

In an embodiment, the detecting unit 126 is configured to determine 
time characteristics 326, 336 of a plurality of idle periods 306, 316 in a frame 
5 300 relative to time reference 340, and the time stamping unit 146 is config- 
ured to provide the frame 300 with time characteristics proportional to the time 
reference 340 by using time characteristics of the plurality of idle periods 306, 
316 in the frame 300. 

In an embodiment, time characteristics 326, 336 of the plurality of 
10 idle periods 306, 316 are averaged taking into account the relative positions of 
the idle periods 306, 316 in the frame 300. The averaging enables a more reli- 
able determination of the time characteristics of the frame 300. 

In an embodiment, the time characteristics of the frame 300 are 
provided for a predefined portion, such as a predefined time slot and/or a pre- 
15 defined symbol sequence of the frame 300. In an embodiment, the predefined 
time slot is the first time slot 318 in the frame 300. In an embodiment, the pre- 
defined symbol sequence of the frame 300 is a pilot sequence. 

In an embodiment, the time characteristics of the frame 300 are as- 
sociated with the frame number of the frame 300. 
20 In an embodiment, the base station 110 comprises an antenna unit 

122 operationally connected to the idle period generator 114 for emitting the 
0 1 idle period 116, 200. When emitting the idle period 116, 200, a radio signal 

including the idle period 116, 200 is transmitted from the antenna 122 of the 
base station 110. 

« °°c 25 In an embodiment, the detecting unit 126 is configured to determine 

:~\ the time characteristics 206, 208, 210 of the idle period 116, 200 such that the 

uncertainty of the time interval between determining the time characteristics 
206, 208, 210 of the idle period 116, 200 and emitting the idle period 116, 200 
from the antenna unit 122 of the base station 110 is below a predefined value. 

c • • 

\ m l 30 In this context, the time point of determining time characteristics 206, 208, 210 

of the idle period 116, 200 is the time point of the power measurement. The 
: •": predefined value for the maximum of the uncertainty is dictated by the re- 

C « 9 » 

quirements of the telecommunication system. For example, if the accuracy re- 
quirement of observed time difference of arrival (OTDOA) is At, the uncertainty 

© o 

***** 35 should not exceed At. 

c » 

c if 
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Configuring the detecting unit 126 includes locating the gauge 127 
for the power measurement in the transceiver unit 118. The uncertainty of the 
time interval between determining the time characteristics 130, 206, 208, 210 
of the idle period 116 and emitting the idle period 116 causes an error of time 
5 characteristics of the idle period 116, 200, which error is further transferred to 
the time characteristics of the data to be transmitted from the base station 110. 
An error in time characteristics of the data causes, for example, an error in de- 
termination of an observed time difference of arrival, and an error in a mobile 
station positioning. 

10 If the time interval between determining time characteristics 206, 

208, 210 of the idle period 116 and emitting the idle period 116 is known with a 
required accuracy, the time interval can be accounted in the real-time charac- 
teristics 206, 208, 210 of the idle period 116, 200 by adding the time interval to 
the time which was determined with the power measurement. 

15 In an embodiment, the gauge 127 for power measurements is lo- 

cated between the base band unit 112 and the amplifier unit 117B, by which 
arrangement the effects of the modulator unit 117A on the time characteriza- 
tion of the idle period 116 are reduced. 

In an embodiment, the gauge 127 for power measurements is lo- 

20 cated between the base band unit 112 and the filter unit 117C, by which ar- 
rangement the effects of the modulator unit 117A and the amplifier unit 117B 
on the time characterization of the idle period 116 are reduced. 

In an embodiment, the gauge 127 for power measurements is lo- 
cated between the base band unit 112 and the antenna unit 122, by which ar- 

25 rangement the effects of the modulator unit 117A, the amplifier unit 117B, and 
the filter unit 117C o the time characterization of the idle period 116 are re- 
duced. 

In an embodiment, the detecting unit 126 is configured to determine 
time characteristics 130, 206, 208, 210 of the idle period 116 at a moment of 

30 emitting the idle period 116. The configuration can be performed, for example, 
by connecting the gauge 117 to the antenna feeder feeding the antenna 122. 
This embodiment is advantageous in systems where the delay of the idle pe- 
riod 116 between the base band unit 112 and the antenna unit 122 is not 
known with a predefined accuracy. 

35 In an embodim nt, the base station 1 10 is configured to synchronize 

transmission of the base station 110 by using the time characteristics 130, 206, 
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208, 210 of th idle period 116 relative to the time reference 134, 202. A clock 
of the base station 110, for example, may b adjusted, by using the time char- 
acteristics 130, 206, 208, 210 of the idle period such that the frames transmit- 
ted by the base station 110 remain synchronized over a predetermined period 
5 of time. 

Figure 4 illustrates an example of a telecommunication system 
comprising base stations 400, 410, 420, a mobile station 430 and a time refer- 
ence supply 450. The time reference supply 450 transmits time reference sig- 
nals 452A, 452B, 45C, which are received by the time reference signal receiv- 
10 ing units of the base stations 400, 410, and 420, respectively. The cells 402, 
412, 422 of the base stations 400, 410 and 420, respectively, make up a cell 
structure, where the mobile station 430 is primarily located in the area of the 
serving cell 402. 

In an embodiment, the telecommunication system comprises a posi- 

15 tioning unit 148 operationally connected to the base station 110, 400 for posi- 
tioning a mobile station 430 by using time characteristics of at least a portion of 
data to be transmitted from the base station 110. The positioning unit 148 can 
be connected to several base stations 400, 410, 420 in order to receive infor- 
mation, such as time characteristics of data, transmitted from the base stations 

20 400, 410, 420. In an embodiment, the positioning unit 148 is implemented in 
the serving location mobile center (SMLC). In an embodiment, the positioning 
unit 148 is implemented in the radio network controller 140 by using a software 
application. The positioning unit 148 can also be located in the upper layers 
150, 152 of the telecommunication system. 

25 In an embodiment, the base station 110, 400 emits a symbol se- 

quence 404 provided with time characteristics, which symbol sequence 404 is 
received by a mobile station 430. In an embodiment, the symbol sequence 404 
is a pilot sequence, such as a primary common pilot channel. The mobile sta- 
tion 430 determines the time of arrival of the symbol sequence 404. In an em- 

30 bodiment, the mobile station 430 receives symbol sequences 414, 424 from 
plurality of base stations 400, 410, 420 and determines the observed time dif- 
ference of arrival (OTDOA) of the symbol sequences 414, 424. In an embodi- 
ment, the mobile station 430 transmits the OTDOA results to the base station 
110, 400 which delivers the OTDOA information to the positioning unit 148. 

35 The positioning unit 148 is aware of the real-time emission time of the symbol 
sequences transmitted by the base stations 400, 410, 420 based on the de- 
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termination of the time characteristics of the symbol sequences 404, 414, 424 
emitted by the base stations 400, 410, 420. The position of the mobile station 
430 can be determined in a manner known to a person skilled in the art by us- 
ing the OTDOA information and the real-time characteristics of the emitted 

5 symbol sequences. In an embodiment, the measurement on a symbol se- 
quence 414, 424 transmitted by a base station 410, 420 is performed while 
another base station 400 is transmitting an idle period 116, 200. In this man- 
ner, the transmit power of the base station 400 is temporarily lowered, thus 
reducing the multi-user interference caused by the base station 400, and im- 

10 proving the quality of the time of arrival measurement on the symbol se- 
quences 414, 424 transmitted by the base stations 410, 420. Especially, when 
a distance of a base station 400 is substantially less than the distances of 
other base stations 410, 420, the idle period transmission of the close-lying 
base station 400 is useful. 

15 In an embodiment, the mobile station 430 is configured to detect the 

idle period 116, 200 emitted from the antenna unit 122 of the base station 110, 
400, the mobile station 430 is configured to determine the time of arrival of the 
idle period 116, 200, and the positioning unit 148 is configured to position the 
mobile station 430 by using the time of arrival of the idle period 116, 200. The 

20 detection of the idle period 116, 200 may be based on detection of change in 
the receive power. The time of arrival determination and positioning may be 
earned out in a manner known to a person skilled in the art. 

With reference to Figure 5, embodiments of the time stamping 
method are illustrated by means of a flow chart. The method is started in 500. 

25 In 502, a time reference signal 128, 452A is received by a base station 110, 
400. In 504, an idle period 116, 200 in the transmission of a base station 110, 
400 is generated in the base station 110, 400. In 506, an idle period 116, 200 
is emitted by the base station 110, 400. In 508, time characteristics 206, 208, 
210 of the idle period 116, 200 relative to the time reference 134, 202 are de- 

30 termined. A portion of data to be transmitted from the base station 110, 400 is 
provided with the time characteristics proportional to time reference 202 by 
using the time characteristics 130, 206, 208, 210 of the idle period 200 in 510. 
In 518, a mobile station 430 is positioned by using the time characteristics of 
the at least portion of data. In 512, the transmission of the base station 110, 

35 400 is synchronized by using tim characteristics 130, 206, 208, 210 of the idle 
period 116, 200 relative to the time reference 202. In 514, the idle period 116, 
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200, 404 emitted from an antenna unit 122 of the base station 110, 400 is de- 
tected in a mobile station 430. In 516, the time or arrival of the idle period 1 16, 
200 is determined in the mobile station 430. In 520, the method is stopped. 

In an aspect, the invention provides a time adjustment method in a 
5 telecommunication system. Figure 6 shows a diagram including an example of 
a test signal 604 and a time reference 630. The vertical axis 600 and the hori- 
zontal axis 602 show signal power and time in arbitrary units, respectively. 
Embodiments of the time adjustment method are exemplified with reference to 
Figures 1 and 4. 

10 In the time adjustment method, time reference signal 128, 452A 

providing time reference 134 in the telecommunication system is received in 
the time reference signal receiving unit 124 of a base station 110, 400. A test 
signal 116, 604 is generated in the base station 110, 400, which test signal 
116, 604 is detected by a detecting unit 126 in the base station 110. In an em- 

15 bodiment, the test signal 116, 604 is generated in the base band unit 112 of 
the base station 110. 

The test signal 116, 604 is provided with the time characteristics 
proportional to the time reference 134, 630 based on the detection of the test 
signal 116 and the time reference 134, 630. The time characteristics include 

20 timing of a predefined portion of the test signal 604. The predefined portion of 
the test signal 116, 604 include, for example; a portion 608 of a leading edge, 
a portion 606 of a trailing edge, and the peak 610 of the test signal 604. The 
timing of the predefined portion of the test signal 116, 604 is, for example, the 
time of emission of the predefined portion 606, 608, 610 of the test signal 116, 

25 604. 

In an embodiment, the internal clock of the base station 110, 400 is 
real-time adjusted by using the test signal 116, 604 and the time reference 
134, 630. In real-time adjustment, the time provided by the internal clock of the 
base station 110, 400 corresponds to the time of emission of a signal from the 
30 antenna unit 122. 

In an embodiment, data transmitted from the base station 110, 400 
is provided with time characteristics proportional to the time reference 630 by 
using time characteristics 606, 608, 610 of the test signal 604. For example, a 
predefin d portion of frame 300 shown in Figure 3 is provided with the time of 
35 emission from the antenna unit 122. 
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In an embodiment, the test signal 604 is emitted from an antenna 
unit 122 of the base station 110, and the test signal 116, 604 is detected when 
emitting the test signal 604. In this manner, the delay occurring between the 
base band unit 112 and the antenna unit 122 can be compensated. 

In an embodiment, a delay between generating the test signal 116, 
604 and detecting the test signal 116, 604 is determined. In an embodiment, 
the delay is determined by a measuring the time difference between generat- 
ing and detecting the test signal 116, 604 using the internal clock of the base 
station 110, 400. 

In an embodiment, the base station 110, 400 is synchronized by us- 
ing time characteristics 606, 608, 610 of the test signal 116, 604. A plurality of 
base stations 400, 410, 420 using the same time reference supply 450 can be 
synchronized accurately using the method according to the invention. 

Embodiments of the time adjustment method are shown by means 
of a flow chart in Figure 7. In 700, the method is started. In 702, the time refer- 
ence signal 128 is received. In 704, the test signal 604 is generated. In 706, 
the test signal 116, 604 is emitted from an antenna unit 122 of the base station 
110. In 708, the test signal 116, 604 is detected in the base station 110. In 
710, the test signal 116, 604 is provided with time characteristics proportional 
to the time reference 630. In 712, data transmitted from the base station 1 10 is 
provided with time characteristics proportional to the time reference 730 by 
using time characteristics of the test signal 116, 604. In 714, a delay between 
generating 704 the test signal 116, 604 and detecting 708 the test signal 116, 
604 is determined. In 716, the base station 110 is synchronized by using the 
time characteristics of the test signal 1 16, 604. In 718, the method is stopped. 

Even though the invention is described above with reference to ex- 
amples according to the accompanying drawings, it is clear that the invention 
is not restricted thereto but it can be modified in several ways within the scope 
of the appended claims. 



Claims 

1. A time adjustm nt method in a t lecommunication system, com- 
prising: 

receiving (702), in a base station, a time reference signal providing 
5 time reference in the telecommunication system; 

generating (704) a test signal in the base station; 

detecting (708) the test signal in the base station; and 

providing (710) the test signal with time characteristics proportional 
to the time reference based on detection of the test signal and the time refer- 
10 ence. 

2. The method of claim 1 further comprising providing (712) data 
transmitted from the base station with time characteristics proportional to the 
time reference by using the time characteristics of the test signal. 

3. The method of claim 1 further comprising emitting (706) the test 
15 signal from an antenna unit of the base station; and 

detecting (708) the test signal when emitting the test signal. 

4. The method of claim 1 further comprising determining (714) a de- 
lay between generating the test signal and detecting the test signal. 

5. The method of claim 1 further comprising synchronizing (716) the 
20 base station by using the time characteristics of the test signal. 

6. A time stamping method in a telecommunication system, compris- 
ing: 

receiving (502), in a base station, a time reference signal providing 
time reference in the telecommunication system; 
25 generating (504) an idle period in the transmission of a base station; 

determining (508), in the base station, time characteristics of the idle 
period relative to the time reference by means of a power measurement; and 

providing (510) at least a portion of data to be transmitted from the 
base station with time characteristics proportional to the time reference by us- 
30 ing time characteristics of the idle period. 

7. The method of claim 6 further comprising positioning (518) a mo- 
bile station by using time characteristics of the at least portion of data. 

8. The method of claim 6 further comprising emitting (506) the idle 
period from an antenna unit of the base station; and 

35 determining (508) time characteristics of the idle period such that 

the uncertainty of the time interval between determining time characteristics of 
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the idle period and emitting the idle period from the antenna unit of the base 
station is below a predefined value. 

9. The method of claim 6 further comprising emitting (506) the idle 
period from an antenna unit of the base station; and 

determining (508) time characteristics of the idle period at a moment 
of emitting the idle period from the antenna unit of the base station. 

10. The method of claim 6 further comprising determining (508) tim- 
ing of a predefined portion of the idle period relative to the time reference by 
means of the power measurement; and 

providing (510) the at least a portion of data to be transmitted from 
the base station with time characteristics proportional to the time reference by 
using the timing of the predefined portion of the idle period. 

1 1 . The method of claim 6 further comprising determining (508) time 
characteristics of an idle period in a frame relative to the time reference; 

providing (510) the frame with the time characteristics proportional 
to the time reference by using time characteristics of the idle period in the 
frame. 

12. The method of claim 6 further comprising emitting (506) the idle 
period from an antenna unit of the base station; 

detecting (514), in a mobile station, the idle period emitted from the 
antenna of the base station; 

determining (516) the time of arrival of the idle period in the mobile 
station; and 

positioning (518) the mobile station by using the time of arrival of the 
idle period. 

13. The method of claim 6 further comprising synchronizing (512) 
the transmission of the base station by using the time characteristics of the idle 
period relative to the time reference. 

14. A telecommunication system comprising: 

a base station (110) for providing radio transmission and reception 
for mobile stations; 

wherein the base station (110) comprises a time reference signal 
receiving unit (124) for receiving a time reference signal (128) providing time 
reference (134, 202) in the telecommunication system; 
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wherein the base station (110) comprises an idle period generator 
(114) for generating an idle period (116, 200) in the transmission of the base 
station (110); 

wherein the base station (110) comprises a detecting unit (126) op- 
5 erationally connected to the idle period generator (1 14) and the time reference 
signal receiving unit (124) for determining time characteristics (130, 206, 208, 
210) of the idle period (116, 200) relative to the time reference (134, 202) by 
means of a power measurement; and 

a time stamping unit (146) operationally connected to the detecting 
10 unit (126) for providing at least a portion of data to be transmitted from the 
base station (110) with the time characteristics proportional to the time refer- 
ence (134, 202) by using the time characteristics (130, 206, 208, 210) of the 
idle period (116,200). 

15. The telecommunication system of claim 14 further comprising a 
15 positioning unit (148) operationally connected to the base station (110) for po- 
sitioning a mobile station (430) by using time characteristics of the at least a 
portion of data. 

16. The telecommunication system of claim 14, wherein the base 
station (110) comprises an antenna unit (122) operationally connected to the 

20 idle period generator (1 14) for emitting the idle period (1 16); and 

wherein the detecting unit (126) is configured to determine time 
characteristics (130 206, 208, 210) of the idle period (116, 200) such that the 
uncertainty of the time interval between determining time characteristics (130, 
206, 208, 210) of the idle period (116) and emitting the idle period (116, 200) 

25 from the antenna unit (122) of the base station (110) is below a predetermined 
value. 

17. The telecommunication system of claim 14, wherein the base 
station (110) comprises an antenna unit (122) operationally connected to the 
idle period generator (1 14) for emitting the idle period (1 16, 200); and 

30 the detecting unit (126) is configured to determine time characteris- 

tics (130, 206, 208, 210) of the idle period (116, 200) at a moment of emitting 
the idle period (1 16, 200). 

18. The telecommunication system of claim 14, wherein the detect- 
ing unit (126) is configured to determine timing of a predefined portion (210) of 

35 the idle period (1 16, 200) relative to the time reference (134, 202) by means of 
the power measurement; and 
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wherein the time stamping unit (146) is configured to provide the at 
least a portion of data to be transmitted from the base station (210) with time 
characteristics proportional to the time reference (202) by using the timing of 
the predefined portion (210) of the idle period (116, 200). 

19. The telecommunication system of claim 14, wherein the detect- 
ing unit (126) is configured to determine the time characteristics (326, 336) of 
an idle period (306, 316) in a frame (300) relative to time reference (340); and 

wherein the time stamping unit (146) is configured to provide the 
frame (300) with the time characteristics proportional to the time reference 
(340) by using time characteristics (326, 336) the idle period (306, 316) in the 
frame (300). 

20. The telecommunication system of claim 14, wherein the base 
station (110, 400) comprises an antenna unit (122) operationally connected to 
the idle period generator (114) for emitting the idle period (116, 200); 

the telecommunication system further comprising a mobile station 
(430) configured to detect the idle period (116, 200) emitted from the antenna 
unit (122) of the base station (1 1 0, 400); 

wherein the mobile station (430) is configured to determine the time 
of arrival of the idle period (1 16, 200); and 

wherein the positioning unit (148) is configured to position the mo- 
bile station (430) by using the time of arrival of the idle period (116, 200). 

21. The telecommunication system of claim 14, wherein the base 
station (110) is configured to synchronize transmission of the base station 
(110) by using time characteristics (130, 206, 208, 210) of the idle period (116, 
200) relative to the time reference (134, 202). 



(57) Abstract 

A time adjustment method, a time stamping method and a 
telecommunication system are provided. The invention is 
based on performing a power measurement in the base 
station on a signal generated in the base station, and pro- 
viding the signal with time characteristics proportional to a 
time reference received in the base station. Embodiments 
of the invention enable accurate synchronization of a base 
station and precise positioning of mobile stations. 
(Figure 1) 



EXT 



J 154 



102 



152 



A. 



GMSC 



150 



MSC 



RNS 



140 



RNC 



A. 



142 



144 




I 



V CNTL 



148 



POS 
UNIT 



1/4 



110 



TSU 



146 

J 



B_ 112 



BB 




IPDL 


GEN 


? 

116 


114 



^118 

TRX 

117A 117B 117C 
L L I 



122 



MOD 



AMP 



117C \ 



127 L 



132 

St 



"^0^124 



CNTL 

-I26 120^ 



DET 



•134 



116 



TRRU 



100 



Fig. 1 



T 

128 




204B 



l IPDL 



Fig. 2 




Fig. 6 



3/4 




500 



: • 5 



RECEIVE TIME REFERENCE 



T 



GENERATE IDLE PERIOD 



EMIT IDLE PERIOD 



T 



T 



DETECT IDLE PERIOD 
IN MOBILE STATION 



I 



POSITION MOBILE STATION 



-502 



-504 



-506 



DETERMINE TIMING OF IDLE PERIOD 
RELATIVE TO TIME REFERENCE 

I 

PROVIDE DATA WITH 
TIME CHARACTERISTICS 



-508 



>510 



SYNCHRONIZE BASE STATION 



512 



-514 



DETERMINE TIME OF ARRIVAL IN 
MOBILE STATION 



516 



-518 



* • 

• * » 



Fig. 5 




u5 



A » 

f 

0 



4/4 




700 



RECEIVE TIME REFERENCE 



z 



GENERATE TEST SIGNAL 



I 



EMIT TEST SIGNAL 



-702 



-704 



-706 



• » • 
* * * • 



« c « 

• • 

• • • 



DETECT TEST SIGNAL 



PROVIDE TEST SIGNAL 
WITH TIME CHARACTERISTICS 

PROVIDE TEST DATA 
WITH TIME CHARACTERISTICS 

♦ : 

DETERMINE DELAY BETWEEN 
GENERATING TEST SIGNAL AND 
PERFORMING MEASUREMENT 

I 

SYNCHRONIZE BASE STATION 



(STOP)~ 718 



-708 



-710 



712 



714 



716 



Fig. 7 



